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[Purpose] To achieve a uniform, high-density, plasma in a plasma processing device 
using the inductive coupling method. 

LConf.gura.ion] In a plasma processing device wherein the plasma is generated hy 
applying high frequency electric power to flal plate coil unit 13. thai is juxtaposed with 
proccssinu object 6, and then said plasma is used lor processing the aforem.-ntu.ned 
processing object, the aforementioned Hat plate coil unit consists of a multiple number ol 
coils 1 4, 1 5. 1 o and 1 7, electric current control mean* 1 8 is connected to earn of these 
multiple number of coils, or additional coils are connected in parallel with respcxt to the 
high frequency electrical power supply; and by configuring the flat plate coil unit with a 
multiple number of coils, it becomes possible to increase the magnetic [lux density 
without increasing the impedance, achieving u uniform distribution of the magnetic flux 
density and control of the electric current that is supplied to each coil, as woll us 
controlling the conditions of magnetic flux that has been generated on each coil, thereby 
contributing to the generation of a uniform high density plasma. 

[Schematic on the right] 

[Claims] 

[Claim 1 1 In a plasma processing device wherein plasma is genorn.ed by 
applying hiuh frequency electric power to the flat plate coil unit, thai is juxtapose! with 
the processing object, and then said plasma is used for processing the aforementioned 
processing object, a plasma processing device characterized by the aforeme.it, oned flat 
plate coil unit consisting of multiple numbers of coils. 

[Claim 2] The plasma processing device described in Claim I wherein an 
electrical current control means is connected to each of a multiple numbers of coils. 

[Claim 3] The plasma processing device described in Claim 1 wherein 
multiple numbers of coils are connected in parallel to a high frequency power supply. 
[Detailed Explanation of the Invention] 
[0001] 

[Field of Industrial Utilization] The present invention is related to a plasma 
processing device wherein plasma is generated by supplying high frequency electrical 
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power through an inductive coupling and said plasma is used for purpose of 

manufacturi ng semiconductor devices. 

[00021 

[Prior An j There arc both the static electrostatic capacity coupling method and the 
inductive coupling method for supplying a vacuum container with high frequency 
electrical power in order to generate and energize the plasma. In recent years, substantial 
processing capacity has been called for hy the semiconductor manufacturing device and 
for various processing device that use plasma, such as a LCD, thereby requ.ri.v. a higher 
concentration of generated plasma. 

[00031 In a typical configuration of the plasma processing device that uses the 
aforementioned electrostatic coupling method, high frequency electrical power is applied 
[to the ureal between the parallel, Hal plate electrodes that are juxtaposed across from 
each other, and the high energy ions and electrons in the plasma reach the processing 
object due to a high frequency electrical Held consisting of plasma that has been 
generated between the parallel Hat plate electrodes, thereby causing damage to the 
processing object, as well as unavoidable contamination from the electrodes. 
[0004] On the other hand, as disclosed in Patent Application No. H1-338WO. plasma 
processing device that uses an inductive coupling method has an advantage, in that less 
damage to the processing objects is caused by the electrons and ions, contributing to a 
substantial improvement in the processing capacity due to the low energy of the ions, and 
electrons that are restrained by magnetic flux, thereby facilitating greater production of 
high density plasma. 

[0005] In l-iiiiires 4 and 5. a plasma processing device using an inductive coupling 
method based on prior art is described. 

[00061 A metal vacuum container I is provided, then cover 2, which is made of a 
material having permeability, such as quart/, that covers both the interior wall and the 
ceiling or aforementioned vacuum container 1. is filled in aforementioned vacuum 
container I . Hat coil 3 is placed on top of the ceiling ofsaid cover 2. one end of said 
coil 3 is connected to the first high frequency power supply 4 while the other end, 
thereof, is grounded. On bottom plate 5 that closes the bottom side of aforementioned 
vacuum container 1 to provide an airtight seal, processing platform 7 is provided, 
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juxtaposed with aforementioned co„ J. in order ,0 place proving object 5 .hereupon; 
0,0 arorcmennoned ^, »Mbrm is connect u, second high frequency clcctncat 

power supply 8. 

[0007] The hi* fluency electrical power is provided to the aforementioned co.l 3 irom 
first high frequency electrical power supply 4. and plasma is generated w„hm cover 2 
through the inductive coupling, thereby providing said plasma with high hvquency 
energy. As the pins- generated through the inductive coupling lacks anisotr^y, a h.gh 
frequency bias » generated by applying high frequency electric power to the 
aforementioned processing platform 7 Iron, aforementioned second high faqu.ney 
electric powc, supply 8. Thus, the aforementioned processing object 6 is etched by ,ons 
from the plasma. 

I0008J . • 

.Problem ,o be Solved by *• 1 lowever, - ■>» P«— P"«-»» deV '" 

„„„« the aforementioned inductive »^ method of prior an employ oil J that has 
beon'tonncl m.o a Ha. spiral Ton,,. ,, is necessary ,0 determine the approve shapeof 
,he eoil and ,1, mm* or of .urns, thereof wi.h respect to the shape of vacuum contamcr I. 
size of the procuring object (,, and the correlation between vacuum container 1 and 
pn— in, obieet 6, in order to achieve a uni torn, concentratton of the plasma ,h», has 
heen generated on said coil 3. thereby requiring numerous repeat., expenmcnts for each 
production to ascertain the shape and number of turns of the cod. 
100091 Furthermore, when deciding the specifications oflhc coil, the impedance 
mereases as the number of turns ofthe cod tncrcase, Ibereby requiring highc, voltage to 
attam the necessary frequency electrical current; i, is. therefore. « ,, matntatn 
electrical ,so,a,ion between the corresponding high frequency electrical power supply 
device and the coiled terminals. Consequently, the high frequency electrical power 
supply device becomes inevitably expensive. 

,,„„„, Moreover, as the size ofvaeuum container 1 .ncrcascs. ,ltc inductance of the 
S pi,al co,l further increases. Consequently, reducing the number of turns leads to a 
magnetic .lux density distribution that corresponds to the shape ofa ,1a, plate .0,1. 
.he'rehy resulting in a grca,cr denshy diminution gap. Plasma oscillation occurs as 
plasma density distribution corresponds to S a,d magnetic flux density d,s,nbu,on. 



4 



Received from < 410 75646222 > at 5/23/03 9:31:16 AM tEastem Dayfight Time] 



-23-03 0S:03A LHGB UOVJEHOME 



410 75646222 



P*06 



comnhulinu u. m unsbble pta™. This is atttihilol >•> n™M°»» sue!, as the 

orders on the proems d*d. or u„cv« film qM* "Lu, «—>» 
a Ihin film on processing object 6. 

,00.1 1 By takim, such conditions into considerations, the present invents ,s an attempt 
,o more easily generate a more uniform, high density plasma m a plasma P—smg 
device using Hie inductive coupling method. 
[0012] 

| Means to Solve Problems | 

The present invention involves a plasma processing device wherein plasma .« 
generate! by flying a high frequency electric power to the Hat plate coil -« «h* » 
juxtaposed wnh .he processing object, and said plasma is used for process..,, the 
aforemcnt.oned processing object, characterized by the aforementioned Ha- p.a,e cod umt 
consis ti„H of multiple number of coils, an electric current control means bemg connected 
,„ each of the additional coils, or additional coils being connected in parallel »,th respect 
to the high frequency electrical power supply. 
[00131 

(Operations) By configuring the Hat plate coil unit with multiple cods. ,1 

becomes possible to increase the magnetic .lux densi.y without increasing .be .mpedance, 
achieve a uniform distribution of the magnetic flux density, and control the elccmc 
current that is supplied to each coil, as well as controlling the conditions of the magnetic 
fiux that has been generated on each coil, thereby contributing to the genentton of 
uniform, high density, plasma. 

10014] , . . 

[BnM imc*.| An of** r*m ta™*» » de «' M * "* m *» 

lolhcdrav/m^s. 

[00151 Ou the bottom of vacuum container 10. processing platform ^ 1 » P-ov.dod m an 
air tight cond.tion. and processing object 6 is loaded on to said processing plat - orm 1 1 • 
The ceihn, o. aforementioned vacuum container 10 consists of ceiling plate I ■ made ot 
„ insulating material such as quart, glass, or analuna" ceramics, and flat plate eo.l umt 
13 is installed on the top surface of said ceiling plate 12. 
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10016] Said nui plate coil unit 1 3 consists of a multiple number of Hat plate co.'s 14, 15, 
16. and 17; each of coils 14, 15, 16. and 17 is positioned on the fan-shaped plane that .s 
formed bv div.ding ceiling plate 12 into quarters and is connected, via variable capacitor 
to the Hrst high frequency electrical power supply 19 in parallel. The aforementioned 
processing platform 1 1 is grounded through switch 20. while the a foremen! in ned 
processing platform 1 1 is connected, via DC blocking capacitor 2 1 . to second high 
frequency electrical power supply 22. 

|0017| In the diagram, 23 is a gas inlet to introduce a gas Tor purpose of processing, and 
24 is an exhaust outlet. 

[001 81 The high frequency electric power is supplied to aforementioned flat plate coil 
unit 1 3 from f.rsl high frequency electric power supply 1 9 to generate plasma in vacuum 
container 10 by inductive coupling, thereby supplying a high frequency energy to said 
plasma. 

[00I9| The aforementioned processing platform 1 1 is grounded by turning on switch 20 
based on the intention to process processing objeel 6, or h.gh frequency bias is applied 
from second high frequency power supply 22. 

[0020] More specifically, a required thin film is created on processing object 6 if[thc 
processing platform is] grounded by turning on switch 20, wh.le the etching process is 
executed over the thin film that has been formed on processing object 6 ifhigh frequency 
bias is applied thereto from second high frequency electrical power supply 22. 
|0021] The inductance values, as well as the plasma coupling level, slightlv differ among 
aforementioned coils 14, 15, 16, and 17. The aforementioned inductance value and 
plasma coupling level may be controlled by regulating the capacitance for 
aforementioned variable capacitor 1 8 and varying the electrical current thai is supplied to 
aforementioned coils 14, 15, 16, and 17. thereby achieving a uniform plasma density 
within the aforementioned vacuum container 10. ^ 
[0022] Addiuonally, as described earlier, aforementioned flat plate coil unit 1 ? becomes 
larger as the size of vacuum container 10 increases; however, impedance is .educed as 
said flat plate coil unit 13 consists of multiple numbers of coils 14. 15, 16, ...ul 17. The 
impedance is further reduced as coils 14, 15. 16 and 17 arc connected in parallel. As a 
result, it becomes possible to control plasma oscillation caused by reduced impedance. 
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[0023] ri-r.hcm.orc, the intensity of the magnetic flux that is generated by cmU 14. 1 5, 
K, and 17 mav be adjus.ed by measuring the density of the plasma in vacuum container 
10 in order to ennuol the electrical current that is supplied to aforementioned cods 14. 15. 
16 and 1 7 a. the aforementioned variable capac.tor 18, thereby achieving uni lummy .n 
the magnetic flux density formed by entire fat plate coil unit 1 3. Stable, uniform plasma 
is thus obtained without distortion being caused by the plasma. 

|«P41 There are various methods available for dividing flat plate coil unit ! X as well as 
the arrangement of coils: for example, a circular coil is p.aced in the center as shown ,n 
Figure 3, and arc-shaped coils arc placed u, surround [said circular coill- 
[(UK) Moreover, a means to control the electrical current may be used as the 
aforementioned variable capacitor 1 «; a variable resistance, coil, or a con.binn.ion thereof 
may also be used. 
[00261 

| ElTcct of the invention] According to the present invention, as desenbed above, 
impedance may be reduced without generating density variances in the mupicl.c flux 
distribution as .he Hat plate coil unit consists of multiple numbers of coils, -hereby 
rcmlting in superior effects such as controlling plasma oscillation and casiiy -ncratmg 
uniform, high density plasma by controlling the elec.rical currents supplied to each cod. 
[Brier Explanation of Drawings] 

[Figure 1 1 Schematic cross-seclional view of an embodiment or the present 
invention. 

[Figure 2 1 Schematic plane view of the embodiment of the same. 

[Figure 31 Schematic plane view of another embodiment of the present invention. 

[Figure 41 Schematic cross-sectional view of a prior art. 

[Figure -SI Schematic plane view of the schematic cross-sectional vie* of .he same 

prior art. 
[Legend] 

6 Processing object 
i() Vacuum container 

13 Flat plalecoil unit 

14 Coil 
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15 (oil 

16 Coil 

17 Coil 

18 Variable capacitor 

19 First high frequency electrical power supply 
22 Second high frequency electrical power supply 

[Figure 2] [Figure 5 J 

[Figure 1] I Figure 3] 

[Figure 41 
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